We analyze the mechanism of return and volatility spillover effects from the Chinese to the Japanese stock market. We construct a stock price index comprised of those companies that have substantial operations in China. This China-related index responds to changes in the Shanghai Composite Index more strongly than does the TOPIX (the market index of the Tokyo Stock Exchange). This result suggests that China has a large impact on Japanese stocks via China-related firms in Japan.
Introduction
In this paper we empirically investigate the intraday stock price spillover effects between Japanese and Chinese 1 stock markets, with a special focus on overlapping trading hours. We focus on both the return and volatility of stock prices in this paper. There exist studies that analyze interactions between the two markets using daily (Liu and Chen 2008; Nishimura and Men 2010) or high-frequency (Nishimura et. al. 2012; Tsutsui and Hirayama 2013) data. Almost all of those studies conclude that there is a one-way influence running from China to Japan. The main purpose of this paper is to investigate the mechanism producing this one-way causality.
Most past studies of return and/or volatility spillover effects utilize intraday (opening and closing price data; Hamao et. al. 1990, Bae and Karolyi 1994) , daily (closing price data; Karolyi 1995 , Christofi and Pericli 1999 , Caporale et. al. 2006 or longer-frequency data (Theodossiou and Lee 1993 , Longin and Solink 1995 , Ng 2000 . However, dramatic advances in communications and computer technology now make it possible to obtain information from other markets extremely rapidly. If the stock market is informationally efficient, this should result in speedy responses in overseas markets.
Since Chinese and Japanese markets are simultaneously open for certain hours each day, it is extremely interesting to use these hours to analyze high-frequency spillover effects that cannot be accurately captured using daily or longer-frequency data. In addition, if daily closing prices are used to represent daily observations, the fact that the Chinese market closes just one hour after Tokyo implies that causality from Japan to China will be over-emphasized relative to the opposite causality.
Tokyo's closing price on the following day will be influenced by all other intervening major stock markets, weakening or blurring the effects of Shanghai on Tokyo. Any positive finding of spillover effects from Shanghai to Tokyo thus gains credibility. For this reason, recent analyses of spillover effects between the two neighboring markets with overlapping trading hours have begun to utilize high-frequency data (Jeong 1999; Baur and Jung 2006; Égert and Kočenda 2007; Harju and Hussain 2008; Nishimura et. al. 2012; and Tsutsui and Hirayama 2013) .
These recent studies make use of market indices to estimate the extent of stock price spillover effects between different stock markets, but they have not focused on the factors that lead to international transmission of stock price changes. This paper, however, endeavors to analyze why and how such transmission arises across national borders. Such an analysis has heretofore not been undertaken by researchers in our field. Tsutsui and Hirayama (2005) propose three possible causes of international stock price spillover effects. In the first place, common global shocks may be buffeting firms across borders.
When this is the case, use of daily observations tends to reveal causation from Japan to Asia, to Europe, and to the Americas, because that is the order in which these markets open and close on a given day. If one utilizes high-frequency intra-day data during overlapping trading hours, the effects of common global shocks are likely to be observed almost simultaneously. In this case, the observed one-way influence from the Chinese to the Japanese stock market (Nishimura et. al. 2012; Hirayama 2013) cannot be explained by the existence of common global shocks.
The second cause of inter-market correlation is that a large change in the stock price index of one country usually receives a great deal of attention from investors of other countries like a ''sun-spot''. This phenomenon seems to occur particularly at the time of market opening when the news about other markets is processed, but is probably not likely during normal trading hours.
The third cause is portfolio adjustment by international investors. Portfolios of institutional investors are significantly diversified across national boundaries, and international capital movements caused by portfolio adjustments of these investors thus affect stock prices worldwide. In the case of China, however, international capital flows are strictly regulated, and individual and institutional investors in China are not allowed to invest in overseas stock markets in principle (except for some institutional investors). 2 Likewise, acquisition of Chinese stocks by foreign investors is also subject to strict regulations. 3 Therefore, portfolio adjustments cannot explain the stock price spillover effects between China and Japan.
These three hypotheses of international stock price spillovers as proposed by Tsutsui and Hirayama (2005) presume stock markets that are highly open to international investment. Thus, none of the hypothesis is applicable to a regulated stock market such as China's. To explain the one-way stock price spillover effects from China to Japan, we propose an alternative route through transactions by international investors who focus on Japanese companies that have substantial operations in China.
Since individuals and financial institutions in China cannot buy or sell Japanese shares, it is these international investors who affect prices of those Japanese companies. We hypothesize in this paper that their behavior is the primary mechanism of the one-way spillover from China to Japan.
Let us explain this point in greater detail. Suppose Chinese stock prices decline for some reason.
Since stock prices reflect information/expectations about the future developments, such a decline is interpreted as a signal foretelling subsequent worsening economic conditions. Japanese companies that operate in China will be affected adversely if the Chinese economy worsens situation. Therefore, international investors will sell their shares in those Japanese companies, resulting in drops in the share prices. Negative news about Chinese economy is, of course, bad news to the Japanese economy overall. Thus, the broad market index will also tend to register a fall, but its extent should be smaller than that of the shares of China-related companies. The difference in the extent of the return and volatility spillover effects between the market index and the China-related index will be investigated in this paper.
In recent years the importance of China is rising for many Japanese companies, which are constrained by the shrinking domestic economy and ageing population. This may lead to a higher sensitivity of Japanese stock prices to Chinese movements. We will analyze whether evidence of such an evolution can be found in the data.
The structure of this paper is as follows. In Section 2, we delineate our hypotheses and the empirical procedures we use to test them. Section 3 describes our dataset. Section 4 presents the results of statistical tests of our hypotheses on the return and volatility spillover effects between
Chinese and Japanese stock markets. Section 5 concludes the paper.
Methodology
We present our hypotheses regarding return and volatility spillovers from China to Japan in Section 2.1, and explain our testing procedures in Section 2.2.
Hypotheses about Return/Volatility Spillover Effects from China to Japan
We first hypothesize that Tokyo's overall market index (henceforth MI) and the China-related Index (CRX) respond differently to changes in Chinese stock prices (represented by the Shanghai Composite Index.) If international investors' transactions in companies included in the CRX are the main cause of the one-way transmission from China to Japan, the CRX must respond to China more strongly than does the MI. Let l  and l  ( , ) l MI CRX  denote the response of Japanese stock price returns and volatility, respectively, to Chinese stock price returns and volatility. Spillover effects may in principle be present in both of these measures or in either or in neither; the empirical answer to this question will be reported later in this paper.
We propose two separate hypotheses about the spillover effects. 
If this hypothesis is accepted, then it implies that the main factor behind the one-way spillover from China to Japan is the behavior of international investors who buy/sell companies included in the CRX.
As the Chinese economy grows rapidly, the business ties between Chinese and Japanese companies also become closer, which is expected to raise the sensitivity of the CRX against Chinese stock price movements. Hence our next hypothesis:
Hypothesis 2: The responses of return and volatility of Japanese stock prices to those of Chinese stock prices have become larger more recently.
Empirical Procedure
Tests of volatility spillover effects require some estimate of volatility, since this is not observed directly in the market. As has been done in many studies in the field, we use as a measure of volatility the conditional variance estimated in an ARCH-type model.
The volatility of high-frequency returns of stocks is also known to follow a long-memory process, as documented by many authors 1997 , 1998 . In this paper, we adopt the FIGARCH (Fractionally Integrated GARCH) model, which is an extension of the GARCH (Generalized ARCH) model (Bollerslev, 1986) to capture the long-memory property of stock price returns.
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The final model to estimate return and volatility spillover effects from the Chinese stock price (denoted by CHN) to either of the Japanese indices (denoted by ,
Equation (1) is the mean equation. Since the 5-minute returns exhibit a high serial correlation, they are modeled as an autoregressive process. In the above, L denotes the lag operator:
 where the subscripts t(i) refer to day t and intra-day sequential number i . ( 1) , ( 2) , (
, ,
on the Japanese volatility. Under Hypothesis 1 we will observe that 1,
and under Hypothesis 2 the following inequality should hold:
1, , 1, ,
In order to examine the spillover effects between the two countries, it is natural to augment equations (1) and (2) with the following companion equations:
Since this model does not address the issue of the long-memory property, the resultant residuals and their squares exhibited serial correlation. 5 Thus we decided to use a FIGARCH model to tackle the problem of the long-memory property of stock returns.
However, a bivariate AR model can be reduced to a univariate AR model (Yamamoto 1988; Zellner and Palm, 1974; Enders, 2003) . This is accomplished by substituting out one variable by utilizing the information on the other variable from the second equation. The resultant equation contains one AR term and two MA processes. The sum of two independent moving average processes can be expressed as one moving average process (Box and Jenkins, 1976, p. 121) and if this MA process is invertible, the equation can be written as an AR(∞). Assuming this is the case with our system of (1) and (3) 
is a mean zero white noise with a unit variance.
Estimations (3') and (4') give us a conditional variance which can be substituted into the right-hand side of equation (2) to test for volatility spillover from China to Japan. 6 Compared with simultaneous estimations of (1) through (4), this is a two-stage estimation procedure. This has been adopted by many researchers in the field such as Hamao et. al. (1991) , Bae and Karolyi (1994) , Lin et al. (1994) , Ng (2000) , Kim (2005) , Baur and Jung (2006) , etc.
There is an alternative justification for estimating (3') and (4'). As was stated in Section 1, many studies find there is a one-way return/volatility spillover from China to Japan. Therefore, even if (3) and (4) are estimated, the coefficients on
 and CHN  , will turn out to be insignificant. Excluding these variables from the beginning, namely estimating (3') and (4'), would produce little bias in estimation. Consequently, instead of using a multivariate model, we apply a two-stage estimation to univariate models.
To determine the lag orders of k, p, q we follow a conventional method applied by many researchers. To determine the lag order k of the AR part, we increase it sequentially from 1 to 5 and choose the value k* which minimizes the AIC (Akaike Information Criterion). We then compute four combinations of p and q, each of which varies between 1 and 2. Out of these four estimation results, we choose p* and q* that minimize the AIC. With k*, p*, and q* thus determined, we estimate the
, q*) model to compute standardized residuals and their squares. These two series are subjected to Ljung-Box tests (Ljung and Box, 1978) and LM ARCH tests (Engle, 1982) to check for serial correlation and ARCH effects. If these tests are satisfactory, the model is regarded as valid, but if not, the lag order of k* is increased and the next AR(k*+1)-FIGARCH(p*, d, q*) model is estimated, and so forth.
Data
For the empirical analysis we use a representative Chinese stock price index and two Japanese stock price indices (Market Index and China-related Index) at 5-minute intervals. 7 Log differences are multiplied by 100 to compute returns. We utilize Shanghai Composite Index (SHCOMP) as the representative Chinese stock price index. The 5-minute data were retrieved from FoxTrader. The Tokyo Stock Price Index (TOPIX) is used as the Market Index (MI) for Japan. It is a capitalization-weighted index of all the companies listed in Section 1 of the Tokyo Stock Exchange.
We also compiled our own China-related Stock Index (CRX) based on 50 companies whose 7 The reason for adopting a 5-minute frequency is two-fold. First, we need to strike a balance between the greater degree of freedom provided by higher frequency (e.g., minute-by-minute or even shorter observation intervals) and increasing market microstructure noise (e.g., bid-ask bounces) arising at such a frequency. The 5-minute frequency is recommended as optimal by Andersen et al. (2001) , Koopman et al. (2005) and many others. These and other authors have used 5-minute returns in analyzing international return/volatility spillover effects (Jeong, 1999; Égert and Kočenda, 2007; Harju and Hussain 2008; Nishimura et. al. 2012) . The second reason for using a 5-minute frequency is to deal with the high serial correlation at 5-minute intervals apparently caused by a peculiar system called 'Special Quotes' in the Tokyo Stock Exchange (Tsutsui et al. 2007) . A special quote is announced whenever the next transaction price is likely to exceed a certain preset range. At the same time, buy/sell matching is halted in order to lure potential buyers/sellers into this stock. If this signaling fails to induce an actual transaction, the special quote is revised upward or downward by one notch after 5 minutes. Tsutsui et al. (2007) report that a sizable number stocks are subject to these special quotes, resulting in spikes in autocorrelations in the minute-by-minute Nikkei 225 Index returns at 5-minute intervals. We have to be wary, however, of the spurious nature of this phenomenon, because transactions are halted when a special quote is announced. One cannot execute buy/sell orders at these special quotes. Thus, use of the 5-minute frequency is desirable to circumvent this microstructure noise.
businesses are closely linked to the Chinese economy. We retrieved stock prices at 5-minute intervals for these 50 companies and computed a capitalization-weighted index of these shares (see Appendix A for details of this procedure). The source of these data is tick data released by NIKKEI Digital Media, Inc. The volatility of intraday high-frequency stock returns is known to have intraday periodicity. 9 As is pointed out by many researchers such as Bollerslev (1997, 1998) and Andersen et al. (2000) , this intraday periodicity may produce a serious bias in estimation. We adjust 5-minute returns data for this periodicity by Flexible Fourier Form (FFF) as proposed by Gallant (1981) and used extensively by Bollerslev (1997, 1998) . Appendix B provides a detailed description of this method. The adjusted 5-minute returns, however, still exhibited a long-memory property and this is the reason we adopt a FIGARCH model in this paper.
To analyze mutual return/volatility spillover effects, we extract data points during the [Insert Table 1 about here]
Are Transactions of China-related Shares the Cause of Return/Volatility Spillover Effects?
Here we report the results of hypothesis tests on the transmission mechanism from the Chinese stock market to Japanese market. Section 4.1 first presents the estimated volatility in SHCOMP.
Section 4.2 displays the test results for Hypothesis 1 discussed in Section 2.1. Section 4.3 applies a path analysis to further investigate return spillover effects. Section 4.4 gives the results for Hypothesis 2 presented in Section 2.1.
Estimated Volatility of SHCOMP
We first determined the lag order k of AR(k)-FIGARCH(p, d, q) model as delineated in Section 2.2. We chose lag 4 as the optimal k*. We then tested for p and q to minimize the AIC and obtained p=1 and q=1 as the optimal values. We thus estimate an AR(4)-FIGARCH(1, d, 1) model for our hypothesis test. Table 2 displays estimation results for SHCOMP. All of our inferences are based on robust standard errors from the quasi-maximum likelihood estimation, because the distribution of standardized residuals may not follow a normal distribution.
[Insert Table 2 about here]
The parameter d, which determines the long-memory property, is estimated to be 0.3950 at the 1% significance level. This result indicates that the intraday volatility of SHCOMP follows a long-memory process.
We test for autocorrelation and ARCH effects in the standardized residuals. 
Is the Spillover Effect of Chinese Stock Market Different between the China-related Index and the Market Index?
We repeat the same procedure described above to determine the lag order of the (1) and (2) by minimizing the AIC. The optimal lag order turned out to be 1 for the CRX model and 3 for the MI model. The results of our test of Hypothesis 1 are presented in Table 3 . 10 The Ljung-Box statistics indicate non-rejection of the null hypothesis of no serial correlation in the residuals and their squares. The ARCH LM test also indicates that there is no ARCH effect. Hence, our model can be regarded as suitably specified.
We first consider return spillover effects. The sum of the parameters indicating spillover from
, is 0.0147. 11 The parameter of spillover effect from SHCOMP to CRX, 1,CRX  , is 0.0315, which is significant at the 1% level. This parameter is more than twice the sum of the parameters on MI, vindicating Hypothesis 1. This result suggests that the impact of China on China-related firms is stronger than its impact on the other firms.
Next, we find that the parameters to capture the volatility spillovers are almost all insignificant statistically. The volatility of SHCOMP does not affect the volatility of either CRX or MI, leading us to conclude that there is no observable volatility spillover from China to Japan.
Return Spillover Mechanism: Further Investigation
While SHCOMP affects CRX with only one lag, its statistically significant effect on MI is observed 10 To make the To compare these two possible channels of spillover effects, we added the current value and a first lag of CRX ( CRX r ) to the right-hand side of the MI return equation, and run an OLS regression.
The reason for adding the current value of CRX is that the China-related stocks included in CRX are also part of the MI. In other words, changes in CRX also represent simultaneous changes in MI. If SHCOMP affects MI through changes in CRX, then CRX must be significant and the significance of SHCOMP would be lost in the return equation. The estimation results are displayed in Table 4 . The first column presents OLS estimates of equation (1). (Note, however, coefficients on the own lags of MI are omitted to save space.) The first lag of SHCOMP is considerably significant and the second lag is also significant at the 5% level. The second column (labeled "Model A") presents results when the current value and the first lag of CRX are added to the right-hand side. The estimated coefficients on these additional variables are not only highly significant but also quite large numerically. The coefficient on the first lag of SHCOMP decreases dramatically (about 1/8 of its value in the Base Model) and it becomes insignificant statistically. However, the coefficient on the third lag of SHCOMP remains significant at the 5% level. We also tried adding two more lags of CRX to the equation, and the estimation results are shown in the columns (labeled "Model B"). Parameter estimates remain essentially the same as in Model A. This result implies that the effect of the first lag of SHCOMP on MI as revealed by Table 3 actually works entirely through the influence of CRX stocks. The effect of SHCOMP on MI arises with a three-period lag possibly through effects on companies not included in CRX.
To repeat, the first lag of SHCOMP affects MI mainly through effects on CRX, and has little direct effect on stocks other than those in CRX. This result can be verified by a path analysis (Asher, 1983) . For simplicity's sake, we suppose that MI is affected by its own first lag, the current value of CRX, and a first lag of SHCOMP, and that CRX is affected by its own first lag and the first lag of SHCOMP. The results of the path analysis are graphed in a path diagram (Figure 2) . Numerical values of this diagram do not change substantially even if we increase the lag orders of MI and CRX. The diagram shows that the direct effect of SHCOMP on MI is about 1/10 of the indirect effect through CRX. Thus, the spillover effect from SHCOMP to MI arises largely through effects on CRX.
Test results in this subsection give evidence that spillover effects from China to Japan are mainly caused by transactions by international investors in China-related Japanese stocks, and these spillovers are observed in returns but not in volatility.
[Insert Table 4 and Figure 2 about here]
Are Spillover Effects Getting Stronger in Recent Years?
This subsection presents test results of the hypothesis that, as the Chinese economy grew in its importance in the world, its spillover effects became stronger. To be specific, we estimate our model for each one-year interval sequentially and compare the parameter estimates across subsamples. Since there are many studies such as Rozeff and Kinney (1976) and Ariel (1987) that report existence of seasonal patterns in spillover effects, we chose a one-year subsample to average out seasonal patterns.
12 Table 5 displays the estimation results of the model we use to examine return and volatility spillovers from SHCOMP to CRX, and Table 6 shows those from SHCOMP to MI. In all the subsamples, the lag orders of the AR(k)-FIGARCH(p,d,q) model were determined by the same method as in the previous subsections. In the second row of the tables are shown optimal lag orders for each subsample.
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[Insert Table 5 about here]
[Insert Table 6 about here]
The parameter  , which captures return spillover effects, is statistically significant at lag 1 (i.e. 
Conclusion
In this paper we measured international stock price spillovers by focusing on the relationship between the Chinese and Japanese stock markets. The Chinese stock market is special, because it affects other markets while not being greatly affected by them. This is probably due to the fact that Chinese ownership of foreign stocks is forbidden and foreign ownership of Chinese stocks is strictly.
In other words, the Chinese stock market is a striking natural experiment in one-way international spillovers. A second special feature of this paper is the use of high-frequency data during overlapping trading hours between the two countries; this enables us to examine real-time spillover effects.
Beyond merely identifying spillover effect, we investigated the mechanism by which spillover effects arise. We advanced the hypothesis that the international investors who trade China-related stocks in Japan in response to Chinese stock prices are the agents of the return/volatility spillovers from China to Japan. To test this hypothesis we constructed our own high-frequency China-related stock price index (CRX) from 50 Japanese companies with substantial operations in China. We estimated the return/volatility spillovers between the Shanghai Composite Index (SHCOMP) and CRX, and compared these to spillovers between SHCOMP and the Japanese market as a whole. We hypothesized that changes in Chinese stock prices should lead to larger changes in CRX than in the Japanese Market Index (MI).
Our results indicate that CRX responds to SHCOMP more strongly than does MI. This vindicates our hypothesis that the return spillover effects are more pronounced in China-related stocks. In particular, the immediate effect of SHCOMP arises only in China-related stocks with a one-period lag, and the effect of SHCOMP on other companies occurs with a three-period lag. Volatility spillover effects were, however, not observed. Information transmission from China to Japan is detected mainly in returns, but not in volatility.
We also tested a hypothesis that the Chinese influence on Japan has been getting stronger more recently. Our estimation again revealed no significant volatility spillovers, but the return spillover effects from SHCOMP to either CRX or MI indeed became larger in recent years. Also, the response of CRX has became stronger relative to MI over the years. As the Chinese economy surpassed Japan in the size of real GDP to become the second largest economy in the world, the exposure of China-related Japanese companies to China increased proportionately, giving rise to stronger spillovers from China to Japan.
One problem with our approach in this paper is its use of MI. MI is a stock price index based on all the companies listed in Section 1 of the TSE (1749 companies as of October 2013); thus it includes the 50 companies included in the China-related index we constructed. Responses of MI to China include those of non-CRX stocks. While the estimations of Section 4.3 have shown that CRX responds to SHCOMP immediately and that stocks not included in CRX respond with a three-period lag, the examination of this mechanism would be easier and more direct if we had a non-CRX index to capture the delayed responses. However, compilation of such an index is too demanding and daunting for us to achieve in this paper. 14 This is left as a future research item.
Appendix A. Compilation of China-related Stock Index
The list of companies included in our China-related stock index is entirely based on the companies adopted in the Nikkei China Related Stock Index 50, compiled and released by the Nikkei, Inc. See Appendix Table A below for the details.
Our intraday tick data database contains around 30 or 40 billion records for over 1700 companies listed in the TSE for the period from November 4, 2003 to November 18, 2011 (1973 .
We extracted at 5-minute intervals prices of the 50 companies included in the CRX and computed a capitalization-weighted average of those 50 prices. Specifically, we computed the index as follows:
is the stock price of company l on day t and time sequence i, and l t V is the number of shares on day t for company l. Price data were taken from the "Tick Stocks Multiple Quotes" database released by Nikkei Shimbun Digital Media. The data on the number of shares was extracted from Nikkei NEEDS Financial-QUEST.
In constructing CRX, we encountered a few problems. We list below those problems and how we dealt with them.  There are some stocks at certain time points during a given day for which there is no price data due to no successful matching of orders. We filled this missing observation with the most recent value. We may justify this treatment on the grounds that, since no new information is produced, the old price information can be regarded as valid. Jeon and von Furstenberg (1990) Notes: . *** and ** denote significance at the 1% and 5% level respectively. Numbers in parentheses are robust standard errors based on the quasi-maximum likelihood approach.
L.L. is log likelihood. Notes: . *** and ** denote significance at the 1% and 5% level respectively. Numbers in parentheses are robust standard errors based on the quasi-maximum likelihood approach.
L.L. is log likelihood. -.01
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